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Axon branching and synapse formation are critical processes for establishing precise circuit 
connectivity. These processes are tightly regulated by neural activity, but the relationship between 
them remains largely unclear. Here, I use organotypic coculture preparations to examine the role 
of synapse formation in the activity-dependent axon branching of thalamocortical (TC) projections. 
To visualize TC axons and their presynaptic sites, two plasmids encoding DsRed and EGFP-tagged 
synaptophysin (SYP-EGFP) were co-transfected into a small number of thalamic neurons. Time-
lapse imaging of individual TC axons showed that most branches emerged from SYP-EGFP puncta, 
indicating that synapse formation precedes emergences of axonal branches. I also investigated the 
effects of neuronal activity on axon branching and synapse formation by manipulating spontaneous 
firing activity of thalamic cells. An inward rectifying potassium channel, Kir2.1, and a bacterial 
voltage-gated sodium channel, NaChBac, were used to suppress and promote firing activity, 
respectively. I found suppressing neural activity reduced both axon branching and synapse 
formation. In contrast, increasing neural activity promoted only axonal branch formation. Time-
lapse imaging of NaChBac-expressing cells further revealed that new branches frequently 
appeared from the locations other than SYP-EGFP puncta, indicating that increased activity 
promotes axonal branch formation due to an increase of branch emergence at non-synaptic sites. 
These results suggest that presynaptic locations are hotspots for branch emergence, and that 
frequent firing activity can shift branch emergence to a synapse-independent process.
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